Background. Chronic obstructive pulmonary disease (COPD) is characterized by inhaled particles and gases inducing chronic inflammation of the airways accompanied by a not fully reversible airflow limitation. Systemic inflammation has an important role in the pathogenesis of COPD. In parallel, several comorbidites can be observed. Microalbuminuria is related to endothelial dysfunction. Microalbuminuria was increased in exacerbation periods of COPD. Objectives. The aim of the study was evaluate to the presence of microalbuminuria (MA) in patients with chronic obstructive pulmonary disease (COPD) and its relationship to inflammation, arterial blood gas parameters and 24-hour ambulatory blood pressure alterations. Material and Methods. Seventy COPD patients and 40 healthy volunteers were enrolled in the study. 24-h ambulatory blood pressure monitoring (ABPM) results, including pressure and pulse rates of the subjects were recorded and the cases were classified as "dipper" if a normal fall of more than 10% in blood pressure was observed at night and "non-dipper" if not. Routine renal function tests were performed, C-reactive protein (CRP) values were examined and urine samples were obtained to scrutinize the presence of MA. Patients were allocated into two groups, those with and without MA. The spirometry and arterial blood gas results of the patients were recorded. Results. The urinary albumin creatinin ratio (64.8 ± 91.8), CRP (21 ± 14.8), nocturnal systolic and diastolic blood pressure (118 ± 14 and 72 ± 10), nocturnal and diurnal pulse (87 ± 17 and 90 ± 14), nocturnal pulse pressure (49 ± 11), mean pulse (89 ± 15), mean pulse pressure (48 ± 10) and the number of non-dipper subjects (65) were found significantly higher in the COPD group than in the control group (10.6 ± 6, 5.4 ± 2.4, 105 ± 6 and 68 ± 7, 70 ± 10 and 78 ± 11, 42 ± 1, 75± 11, 42 ± 7 and 5, respectively); (p < 0.001, < 0.001, < 0.001 and 0.041, < 0.001 a nd < 0.001, < 0.001, < 0.001, < 0.001 and < 0.001, respectively). Nocturnal pulse (89 ± 17) and CRP (23.5 ± 14.8) were found to be significantly higher in COPD patients with MA than in COPD patients without MA (78 ± 8 and 8.8 ± 6.3, respectively); (p = 0.021 and < 0.001, respectively). Conclusions. The facts that CRP, a systemic inflammation marker, and mean nocturnal pulse pressure values were significantly higher in the group with MA among COPD patients, and that ambulatory blood pressure values did not differ between COPD patients with and without MA, suggest both a possible role of inflammation in MA development in COPD patients and a relationship between MA and increased heart rate (Adv Clin Exp Med 2014, 23, 5, 749-755).
a derivative of these cytokines, are important markers of systemic inflammation [3] [4] .
Cardiovascular disease is a major cause of mortality in COPD, particularly in patients with mild to moderate severity [5] . Microalbuminuria (MA) is a sensitive marker of cardiovascular risk [6] . A recent study has shown an association between lower FEV1 and emphysema severity with endothelial dysfunction [7] . Microalbuminuria is considered to be related to endothelial dysfunction [8] . Microalbuminuria was observed to increase in exacerbation periods of COPD and this was suggested to be related with increased glomerular filtration and consequent protein leakage due to increased hypoxemia during COPD episodes [9] [10] [11] .
Blood pressure (BP) normally changes with circadian rhythm. According to ambulatory blood pressure monitoring (ABPM) data, BP reaches the highest level in the morning, gradually declines during the day and stays at the lowest levels during the night [12] . In ABPM, a 10% or more decline in nocturnal blood pressure value compared to diurnal value was defined as "dipper" and a decline less than 10% was defined as "non-dipper" [13] . Cerebrovascular disease, left ventricle hypertrophy, cardiovascular mortality, morbidity and related renal disorders (MA, reduced creatinine clearance) were observed more frequently in non-dipper patients [14] [15] [16] . The absence of a normal fall in blood pressure during the night (non-dipping) has been examined previously in normotensive diabetic subjects and was found to be correlated with MA [17, 18] . As far as we know, non-dipping has not previously been studied in COPD patients with or without MA.
The aim of our study was to investigate the presence of MA in patients with COPD, which is a systemic inflammatory disease, and its relationship to inflammation, hypoxia and nocturnal blood pressure alterations.
Methods

Study Design and Patients
The approval of the local ethics committee was obtained before the study. A total of 110 individuals were enrolled in the study, including 70 who were diagnosed with COPD according to spirometry results and GOLD (Global Initiative for Chronic Obstructive Lung Disease) criteria 3 and who were treated at the Department of Pulmonology of our hospital, and 40 non-smoking healthy controls. The patients were in stage III or IV of COPD according to GOLD criteria and were receiving similar armamentarium of drugs for their disease. None of the patients were active smokers.
Exclusion criteria were as follows: history of hypertension, symptoms or diagnosis of sleep apnea, angina pectoris, myocardial infarction, ST-T alterations on electrocardiography suggestive for ischemic heart disease, left bundLe branch block, arrhythmia, obesity (body mass index > 30 kg/m 2 ), renal disease, hyperthermia, permanent posture disorder, diabetes mellitus/hyperglycemia, glucosuria, hematuria and urinary tract infection findings.
Data Collecting
Detailed medical histories and physical examination finding of all the patients were recorded.
Age, gender, BMI, history of smoking, CRP, blood urea nitrogen (BUN), creatinine (Cre), MA in spot urine, ABPM, arterial blood gases (ABG) and spirometry results of the patients and the control group were recorded. The measurements of the patients were performed while they were hospitalized and receiving appropriate treatment for COPD, including oxygen through nasal cannula (2 L/min). Blood samples were obtained for biochemical parameters (Beckman Coulter device) and CRP (with a nephelometric method using an Image device). Spot mid-stream urine was collected in the morning from the patients who had not done heavy exercise in the last 48 h. The levels of albumin and creatinine were studied from the urine specimens using an immunoturbidimetric method. A urine albumin/creatinine ratio (UACR) between 0-20 mg/g for men, 0-30 mg/g for women was accepted as normoalbuminuria and UACR > 20 mg/g for men and UACR > 30 mg/g for women was accepted as microalbuminuria.
COPD patients were allocated into 2 groups, those with and without MA. Oxygen administration was interrupted for 30 min before collecting arterial blood samples and 2 mL of blood was obtained from a radial artery into a heparinized injector when the oxygen percent of the inhaled oxygen (FiO 2 ) was 21% (at room air). Arterial blood gas analysis was done with a blood gas analyzer (Beckman Coulter device). Spirometric measurements were performed with a drytype standard SensorMedics Vmax 20C spirometer (Viasys Healthcare, Missouri, USA). Ambulatory blood pressure monitoring was done using a Mobil-Q-Graph New Generation 24-h ABP-Control (I.E.M. GmbH, Staiberg, Germany) device in all cases included in the study. Measurements were done every 30 min during the day (06:00-21:59) and at night (22:00-05:59), and the results were recorded automatically. While a 10% or more reduction in blood pressure in the measurements done at night was accepted as dipper, 10% or less reduction was accepted as non-dipper.
Statistical Analysis
The data from our study was entered into a SPSS (Statistical Package for Social Sciences) 14.0 package program. For the assessment of the data, a significance test of the difference between two mean values in independent samples, a t-test and a Mann-Whitney U test were used. A chi-square test was used to investigate the inter-group differences for quantitative data. A p level of < 0.05 was accepted as statistically significant. The data is shown as mean ± standard deviation, number of individuals and percent.
Results
Forty-six (65.7%) of the patients and 23 (57.5%) of the control group were males. A significant difference was not detected between the patients and the control group in terms of age, gender and BMI. CRP value (p < 0.001) and mean MA value (p < 0.001) were found to be statistically significantly higher in COPD patients. Laboratory and demographic characteristics of the patients and the control group are given in Table 1 . While a significant difference was not found between the demographic characteristics of the patients with and without MA, the mean CRP value was found to be significantly higher in patients with MA (p < 0.001) (Table 2). A statistically significant difference was not found between the patients with and without MA in terms of spirometric and ABG parameters (Table 3). The mean and daytime SBP and DBP values, other than the parameters of ABPM, were significantly higher in the COPD patients ( Table 4 ). The comparison between the patients with and without MA is given in Table 5 . The mean nocturnal pulse rate was found to be significantly higher in the patients with MA (p = 0.021). 
Discussion
COPD is a multi-component disease in which structural and functional changes are seen in the lungs and extrapulmonary organs [19] . Therefore, systemic involvement in COPD patients should certainly be considered. Some of the few studies investigating the relationship between gender and MA in COPD showed a higher frequency of MA in males, some found the opposite, and some found no difference in terms of gender [19, 20] . In our study, we did not find a significant relationship between MA and gender.
A significant relationship was also not detected between MA and age in most of the studies [9, 20] . Mean age in our study was similar to that in the mentioned studies and a significant relationship was not found between age and MA.
It has been suggested that MA could be high in smokers due to endothelial dysfunction secondary to increased hypoxic stimulation in endothelial cells [21] . Some studies have detected a significant relationship between smoking history and MA in COPD patients while another showed no such relationship [11, 16] . In our study, a significant relationship was not found between MA and a history of smoking. BMI decreases in severe COPD patients. Mortality and morbidity increase in the cases where BMI decreases, the patients are elderly and especially hypoxic [22] . While a relationship was detected between urinary albumin excretion rate and obesity in a limited number of studies carried out in COPD patients and in the general population, a significant relationship could not be found in some other studies as in ours [20, 21, 23, 24] . CRP is an acute phase protein synthesized in response to tissue injury and/or inflammation. In previous studies, it was thought that MA could be related to CRP, which is an inflammatory marker of endothelial dysfunction [5, 21, 23, 25, 26] . In the study by Stuveling et al. that was carried out with a study group without hypertension and diabetes and that investigated whether CRP changed the relationship between blood pressure and microalbuminuria, a significant relationship was detected between MA and CRP and it was concluded that MA elevation was correlated with inflammation [21] . In our study, MA level was found significantly higher in the patient group in which CRP was high. We detected a relationship between elevated MA level and elevated CRP indicating inflammation.
In previous studies, patients with COPD and MA were reported to be more hypoxemic and hypercapnic [27, 28] . It is known that COPD is associated with increased atrial natriuretic peptide release and increased glomerular size, facilitating glomerular filtration and ultimately protein leakage [9] .
While Komurcuoglu et al. found a negative correlation between MA detected in COPD patients and PaO 2 and SaO 2 levels, they did not detect a significant relationship between MA and pH and Pa-CO 2 levels. In that study, they suggested that the reason for MA development could be increased glomerular filtration due to increased hypoxemia and consequently developing protein leakage [9] . In a recent study, patients with COPD and MA were found to be more hypoxemic and hypercapnic compared to those with only MA, PaO2 was found to be lower in the COPD group and a significant relationship was found between MA level and PaO2 and PaCO2 [20] . As a result of this study, the relationship between MA and hypoxia was suggested to be possibly related to endothelial dysfunction in COPD. It was suggested that the number of endothelial cells increases secondarily to hypoxic stimulation, leading to V/P disproportion [28] . Nonetheless, it was stated that not all subjects with hypoxemia developed MA and other, possibly genetic, factors were suggested [20] . A significant relationship was not found between MA elevation and FEV1, FVC, FEV1/FVC in the studies investigating the relationship between pulmonary functions and MA in COPD patients [9, 20] . As a result of these studies, it was concluded that MA is not related to the degree of airway obstruction. Similarly in our study, a significant difference was not found between MA and spirometric parameters. MA was not previously studied in COPD patients without hypertension. Most of the studies reported that MA frequency was greater in hypertensive cases whose ABPM pattern was non-dipper [21, 29, 30] . In those studies, the likelihood of MA among the subjects with increased mean arterial pressure was found to be higher in those with higher CRP levels and this finding was suggested to be related to endothelial dysfunction secondary to inflammation. A significant relationship was also detected between elevated pulse pressure and MA in the studies investigating the relationship between MA and blood pressure [31] [32] [33] . In a study carried out with hypertensive patients who did not receive antihypertensive treatment, an increased MA ratio was shown to be related to elevated nocturnal systolic, nocturnal diastolic and mean diastolic blood pressures [32] . Clinical studies have indicated that resting tachycardia and bradycardia were associated with increased cardiovascular disease risk. It was suggested that a resting heart rate increase was more closely associated with mortality than a decreased heart rate. There are a limited number of studies investigating the relationship between MA and blood pressure values in COPD patients. Of them, in the study by Casanova et al., a relationship was found only between MA and systolic blood pressure [20] . In our study, a significant difference was not found between MA and ABPM in terms of both dipper/non-dipper classification and other parameters of ABPM. Most of the studies were carried out with hypertensive patients whereas hypertension was not present in the patients or control group in our study. In addition, increased nocturnal heart rate and CRP levels in patients with MA supported the opinion that MA and impaired heart rate variability could arise from inflammation leading to endothelial dysfunction as suggested in some of the studies. In our study, including normotensive COPD patients, lack of an examination for pulmonary hypertension may be considered a limitation.
In conclusion, the urinary albumin creatinin ratio was found significantly higher in the COPD patient than in the control group. Increased CRP level and nocturnal heart rate in MA with COPD patients, ABPM parameters such as mean daytime and nocturnal heart rate, pulse pressure, nocturnal systolic and diastolic blood pressure and nondipper pattern were higher in the patient group compared to the control group.
In view of the fact that there was a significantly higher CRP level and nocturnal heart rate in MA patients with COPD, this situation suggests inflammation and inflammation-induced endothelial dysfunction may be associated with MA development in COPD. Possible causative relations between these parameters warrant further research.
